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Summary 
Previous experimental Salmonella infection studies in Denmark have shown that some p1gs remain 
8 
faecal culture negative and seronegative despite oral maculation w1th 10 c.f.u. S. Typhimunum 
and housing in highly contaminated pens, suggesting that some pigs are genetically res1stant to 
Salmonella Our study tested the following hypothesis: The Salmonella-negative status 1n certam 
p1gs 1s due to genet1c res1stance, related to a single gene The resistance gene was supposed to 
have a low frequency and to be recessive and that full resistance only would appear if both alleles 
were recess1ve. A challenge study was conducted to test this hypothesis. The pigs used were three 
bred crosses of Duroc boars and LY-dams. We infected 600 Salmonella-negative p1gs w1th 
approximately 109 S. Typh1munum via the feed at 15-20 kg live we1ght. On day 15, 22 and 29 post 
inoculation, p1gs were blood sampled and the sera were examined for Salmonella antibodies us1ng 
the Danish Mix-ELISA. From seronegative pigs and pigs with low antibody levels individual faecal 
samples were cultured qualitatively for Salmonella. In total , 7% of the 600 p1gs developed no or 
very low antibody levels, mdicat1ng genetic resistance; those p1gs were selected for the next study 
phase. In phase two, 22 resistant female pigs were mated with 17 resistant males. The1r second-
generation offspnng compnsed 183 pigs, wh1ch were challenge 1nfected as described above The 
results showed that 7% of second-generation pigs had low antibody levels. Hentabillty was 
estimated to be 0 13. Our study shows that resistance to Salmonella has a genet1c background 
and IS most probably ruled by several genes. 
Introduction 
Salmonella mfect1on studies in Denmark have shown that some p1gs remain faecal culture negative 
and seronegative despite oral inoculation (Nielsen et al. , 1995) This suggests that these pigs are 
res1stant to Salmonella mfection and that th1s resistance could have a genetic background. Th1s 
res1stance could be located on a smgle gene where the allele 1s recess1ve w1th a low frequency and 
res1stance will only appear if both alleles are recess1ve. Therefore a earner of one allele is 
pred1cted as be1ng sensitive to the disease For example, 1n E.coh-149 F4 mfect1on m p1gs a smgle 
recessive gene is found to cause diarrhoea 1n p1glets (J0rgensen et al. , 2003) Salmonella 
challenge studies in chicken and in lamb mdicate that res1stance exhibited a genet1c background 
and that select1on for reduced earner state 1s possible (Beaumont et al., 2006, Moreno et al , ' 
2003) The mechamsm proposed for genet1c resistance to Salmonella in the gut 1s that bacteria w1ll 
not adhere to the epithelial cells of the intestine and thereby not colonize the host. Th1s means that 
the bactena will not cause infect1on in res1stant ammals, charactensed by an1mals rema1mng 
seronegative and culture-negative upon challenge w1th Salmonella mfect1on. Genet1c res1stance to 
Salmonella m e g. p1gs and poultry w111 have a potential impact on food safety 
A challenge experiment was earned out m two consecutive generations of p1gs to mvest1gate 1f 
genet1c res1stance to Salmonella Typhimurium ex1sted m Dan1sh p1g breeds The a1m was to 
investigate the genet1c background to resistance and to test the feas1b11ity of genetic 1mprovement 
The hypothesis was that Salmonella seronegative status m pigs is related to a s1ngle recessive 
gene 
Materials and methods 
In a multiplying herd 66 Landrace'Yorksh1re (L Y) crossbred sows were mseminated with semen 
from 66 Duroc (D) boars. The herd had been seronegative for Salmonella for 4 years as shown by 
monthly blood sampling as part of the Salmonella control program 1n Dan1sh breedmg herds The 
sows selected were 1st, 2nd and 3rd panty sows The piglets were weaned at 7 kg live weight 
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(approx. 28 days) and moved to a Salmonella-free research facility in 6 groups of about 1 00 
animals per batch. Each group of animals was housed in a separate unit and inoculated on the 
same day. Upon arrival, it was ensured that pigs were negative for Salmonella by examining 
pooled faecal samples. 
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Pigs were orally inoculated via the feed with approximately 1 0 cfu S. Typhimurium at a live weight 
of 15-20 kg. On day 15 post inoculation (p.i.) all pigs were blood sampled and sera were examined 
for antibodies against Salmonella using the Danish mix-ELISA (Nielsen et al., 1995). The trait 
analyzed was Antibody response, measured as optical density (OD%). OD% <27 was considered 
indicative of resistance to Salmonella. On day 22 and 29 p.i. pigs with negative or low antibody 
response in the first blood sample (at an empirical cut-off <27 OD%) were re-tested serologically. A 
control group of pigs with OD% >26 at first sampling were also re-tested at least once. 
Seronegative pigs and pigs with antibody levels <27 OD% were also examined for Salmonella by 
standard bacteriological methods using 3 consecutive faecal samples collected at day 20-22 and 
27-29. 
In the second phase of the study, the seronegative pigs remaining from phase 1 were mated and 
their offspring was subjected to the same inoculation and testing protocol as described above. In 
both parts of the study, pigs that tested positive for Salmonella both serologically (OD% >26) 
and/or bacteriological were excluded from the study and necropsied. 
Contingency tables were used to estimate the expected number of animals within the three 
different genotypes, and chi-square tests were used to test for homogeneity between litters and for 
testing the hypothesis of a single gene. Data of the first generation was analysed by a linear mixed 
repeatability model with random effects: 
In the model, g(ODy) is the transformed response of ODy recorder by animal i on measurement j 
using function g to stabilize the variance between animals, e,. - N(O,ae2 ) and the variance between 
repeated measurements within the same animal, c,1 - N(O,a} ). For each animal i s, is a two level 
sex effect, g, is a group effect of six levels, L, - N(O,aL2) is the random effect of litters with variance 
a?. and b1 and b2 are regression coefficients of the first and second order value of age at first 
maculation timex,. To estimate genetic variance an animal model was used: 
In this model, a, - N(O.a82A) is the genetic component of animal iwith genetic variance a82 and A is 
the relationship matrix. 
Results 
In the 1st generation (phase 1) 606 pigs were inoculated with Salmonella as desribed above. Out 
of the 606 pigs, 87 were tested again on day 22 and on day 29 p.i. In total 62 pigs in the 1st 
generation had an OD% <27 at the first test (Table 1 and Figure 1 ). A total of 42 pigs (6.9%) 
remained seronegative until 30 days p.i. Three pigs were culled for other reasons and thus 39 pigs 
were included in the second part of the study. A randomly selected control group of 25 pigs with 
higher values at the first test were re-examined at least once. 
Table 1: Ant1body response in pigs inoculated with Salmonella Typhimurium (1 51 generation) 
Grouping No. of pigs % of all -;;.;M':-e:::O:an:..:...:::O.=D...:,%=-(>=±:.:=S~D-:-l -:----:---::-=--:---:--
pigs 15 days p.i. 22 days p.i. 29 days p.i. 
1st blood test, all pigs 606 
Low response 1st test 62 
(<27 OD%) 
Low response all tests 42 
(<27 OD%) 
High response 1st test 25 
J>26 OD%)(control group) 
Sess1on 4: Control strategies 
100 77 (40) 
10 2 14 (7.1) 
6.9 
4 1 
13 (7.3) 
85 (41 .9) 
22(13.4) 
15 (7.8) 
73 (39 4) 
21 (14.8) 
14 7 (7 0) 
86 (30.4) 
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Figure 1: Antibody response {individual 00%) in pigs inoculated with Salmonella Typhimurium 15 
days p.i. (1 51generation). 
In phase 2 of the experiment the second generation of 22 seronegative sows and 17 seronegative 
boars were mated with each other, which resulted in 21 litters with a total amount of 203 pigs, of 
which 183 were included in the inoculation study. The second-generation pigs originated from 30 
different 151 generation litters. Three full-sibs were selected from each of three litters, 2 full-sibs 
from each of 6 litters and from 21 litters one pig/litter was selected. Assuming that antibody 
response is connected to resistance, 45.3% of the litters thus had one or more resistant pig and 
13.5% of the litters had two or more resistant full sibs/litter. 
In total 6.6% of the pigs showed a low antibody response to Salmonella compared to 6.9% of the 
pigs in the first generation (see Table 2 and Figure 2). The standard deviation of the antibody 
response was decreasing in the 2"d generation. 
Table 2: Antibody response in pigs inoculated with Salmonella Typhimurium (2nd generation) 
No of % of all pigs Mean OD% (±SD) 
pigs 15 days p.i. 22 days p.i. 
First blood test , all ptgs 
Low response 1st test (OD%<27) 
Low response all tests (OD%<27) 
Htgh response 1st test (control group) 
183 100 73(29.3) 
18 9.8 14 (7.8) 
12 6.6 12 (7.9) 
38 Control 80 (224) 
Antibody respons 2, 000/o 
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Figure 2: Antibody response in pigs (individual 00%) inoculated with Salmonella Typhimurium 15 
days p.1. (2"d generation). 
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From pigs re-tested for antibody response faecal samples were collected and cultured individually 
day 20-22 and day 27-29 p.1 The results of the culture analys1s were analyzed as a bmom1al trait 
(presence/absence). In total 25 (31 6%) were tested negat1ve and 18 pigs (22.8 %) were positive in 
all repeated culture tests in the 1st generation. There was no significant relationship between 
antibody response and bactenological results , neither in the 1st nor the 2nd generation. 
As 7% of the offspring in first generation had a low antibody response, the genotype frequency of 
the res1stant allele was assumed to be 7% To express res1stance both parents have to be 
heterozygous or homozygous for the recessive allele Testing the hypothesis for homogeneity (Ho) 
with Chisquare test showed that the hypothesis could not be rejected . Hence, homogeneity 
between litters was assumed, 1.e. the recessive genotype (rr) was equally d1stnbuted 1n all litters. 
The expected and actual gene and genotype frequencies are presented in Table 3. Based on 
Chisquare testing the segregat1on found was significantly different from the expected segregation 
of genotypes where a single recess1ve gene was assumed to cause resistance to Salmonella. The 
hypothesis of a s1ngle gene was therefore rejected . 
Table 3. Gene and genotype frequencies, expected and actual no. of litters, 1st generat1on 
Genotype Freq of Genotype Freq of Expected no Actual no Ch1square 
parents 11 offspnng w1th offspring genotypes of litters of litters contnbullon 
rr 
rr'rr 1 0 0 07 0 0049 0.3 0 0.3 
rr'rS 05 0 38 0.0270 1.8 30 28 62 
rS'rS 025 0 1513 99 
SS'(rS,rr .SS) 0 0 55 0.8168 54 36 6.0 
1 00 1 000 66 66 34 .92 
1) r = recessive gene causing resistance, S = non resistant gene 
Analyz1ng first generation a m1xed repeatability model showed sigmficant differences for group, day 
of blood sampling and for age There were no significant sex differences (p-values and vanances 
not shown) Furthermore, an animal model Including relatives was performed and hentabillty for 
antibody response was calculated to be 0 13 
Discussion and Conclusion 
Genet1c control of resistance depends on several factors such as the Salmonella stratn, 1noculat1on 
dose and t1me interval from moculat1on to blood testtng p.1 Th1s underlines the Importance of 
precision in measurements and the cho1ce of measured traits due to the complex1ty of genetic 
res1stance Select1on to 1mprove resistance to Salmonella 1n pract1ce would be very difficult, as it 
requires experimental infections under controlled environmental conditions combined with a large 
group of p1gs with known genet1c background Th1s could be done 1n spec1al des1gned reference 
herds but would be both expens1ve and complicated The heritability found 1n our study 1nd1cates 
that several genes are interacting in the process of antibody response but the mechanism is not 
known Furthermore apart from genet1c res1stance, low levels of antibodies could also be due to 
pigs be1ng unable to mount an effective immune response to Salmonella, or to differences 1n 
pathogemc1ty between Salmonella spec1es In addition the relationship between genetic res1stance 
and antibody levels is not known In conclusion, select1ng for res1stance to e g Salmonella pnmary 
1n a breedtng scheme w1thout hav1ng found the actual gene or genes, is not practically possible 
ldent1ficat1on of the responsible gene or genes would 1mprove the poss1b1hty for selection under 
practical cond1t1ons 
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